Social cliques in male northern muriquis Brachyteles hypoxanthus by Tokuda, Marcos et al.
Current Zoology  58 (2): 342352, 2012 
                      
Received Apr. 04, 2011; accepted Sept. 14, 2011. 
 Corresponding author. E-mail: mtokuda@usp.br, marcostokuda@yahoo.com.br  
© 2012 Current Zoology 
Social cliques in male northern muriquis Brachyteles  
hypoxanthus 
Marcos TOKUDA1*, Jean P. BOUBLI2, Patrícia IZAR1, Karen B. STRIER3 
1 Department of Experimental Psychology, University of São Paulo, Av. Prof. Mello Moraes, 1721, CEP 05508-030, São Paulo,  
 Brazil 
2 Wildlife Conservation Society, Rio de Janeiro, Brazil 
3 Department of Anthropology, University of Wisconsin-Madison, USA 
Abstract  Analyses of spatial relationships and social interactions provide insights into the social structure of animal societies 
and the ways in which social preferences among and between dyads affect higher order social relationships. In this paper we de-
scribe the patterns of spatial associations and social interactions among adult male northern muriquis in order to evaluate the dy-
namics of their social networks above the dyadic levels. Systematic observations were made on the 17 adult males present in a 
multi-male/multi-female group from April 2004 through February 2005, and in July 2005. Analyses of their spatial relationships 
identified two distinct male cliques; some adult males (called “N” males) were more connected to the females and immatures than 
other adult males (“MU” males), which were more connected to one another. Affiliative interactions were significantly higher 
among dyads belonging to the same clique than to different cliques. Although frequencies of dyadic agonistic interactions were 
similarly low among individuals within and between cliques, MU males appeared to be subordinate to N males. Nonetheless, 
there were no significant differences in the copulation rates estimated for MU males and N males. Mutual benefits of cooperation 
between MU and N cliques in intergroup encounters might explain their ongoing associations in the same mixed-sex group [Cur-
rent Zoology 58 (2): 342352, 2012]. 
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The study of animal societies involves the description 
of social systems and their underlying factors (e.g. Wil-
son, 1975; Kappeler and van Schaik, 2002). According 
to the framework proposed by Robert Hinde (1976, 
1983), the sociality of group living animals should be 
described in terms of interactions, relationships and 
structure. By definition, a group’s social structure is the 
network of relationships distinguished by the nature, 
quality, and patterning of interactions among group 
members. 
Contemporary applications of Hinde’s approach to 
understanding higher order relationships have been fa-
cilitated by the development of Social Network Analy-
ses (SNA) (Whitehead, 2008; Sueur et al., 2011), a set of 
methods that permit the statistical description, quantifi-
cation, and comparison of social relationships of indi-
viduals in a group (Croft et al., 2008, 2011; Sueur et al., 
2011). SNA also allow the visualization of sub-structure 
of social groups, making them especially useful tools 
for studies of species that form subgroups of variable 
size and composition within their fission–fusion socie-
ties (Whitehead, 1997; e. g. bottlenose dolphins Tur-
siops spp., Lusseau et al., 2006, 2008). In this study, we 
employ SNA to analyze male relationships of a group of 
northern muriquis Brachyteles hypoxanthus. 
The northern muriqui is a Neotropical primate spe-
cies in the subfamily Atelinae. Males are philopatric, 
form strong affiliative bonds, and spend a high propor-
tion of time in close proximity (Mendes, 1990; Strier, 
1994, 1997a; Strier et al., 2000, 2002). The lack of overt 
competition among males for access to fertile females 
(Strier, 1997b) and the absence of hierarchical relation-
ships are remarkable characteristics of male northern 
muriqui behavior. They are considered to be extremely 
peaceful primates because of the low rates of aggression 
observed among group members (Strier, 1994). More-
over, northern muriqui males cooperate with other 
members of their groups during agonistic intergroup 
encounters, which can include chases and extended vo-
cal exchanges (Mendes, 1990; Strier, 1990, 1994; Bou-
bli et al., 2005). 
Typically, northern muriquis live in large multi-male/ 
multi-female social groups. Social groups in our study 
population were originally cohesive, but with increasing 
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population size the groups began to split up routinely 
into fluid subgroups of variable size and composition 
(Strier et al., 1993; Dias and Strier, 2003). Previous 
studies have shown that despite their egalitarian rela-
tionships, some male dyads have stronger relationships 
than others (Strier, 1997a; Strier et al., 2002). Here, we 
investigate whether males exhibit consistent partner 
preferences above the dyadic level, similar to those ob-
served in other species with fission-fusion dynamics and 
strong male bonds (e.g., chimpanzees Pan troglodytes: 
Mitani and Amsler, 2003; bottlenose dolphins: Lusseau, 
2007). 
Affiliative bonds play an important driving force in 
the social structure of animal societies (Sussman et al., 
2005), explaining individual social preferences and pat-
terns of subgrouping formation (Lusseau et al., 2006; 
Bezanson et al., 2008). Affiliative behaviors and spatial 
associations have been used to detect bonds among dy-
ads and at higher order levels in several species of pri-
mates (Kudo and Dunbar, 2001; Mitani and Amsler, 
2003; Schreier and Swedell, 2009) and other mammals 
including African elephants Loxodonta africana (Moss 
and Poole, 1983; Wittemyer et al., 2005), bottlenose 
dolphins (Lusseau et al., 2006; Connor et al., 2011), 
Columbian ground squirrels Spermophilus columbianus 
(Manno, 2008), meerkats Suricata suricatta (Madden et 
al., 2009), and giant noctule bats Nyctalus lasiopterus 
(Popa-Lisseanu et al., 2008). In general, subsets of indi-
viduals within a social group that form stable bonds are 
classified as members of a clique (Kudo and Dunbar, 
2001; Mitani and Amsler, 2003; Scott and Lockard, 
2007; Bezanson et al., 2008; Wakefield, 2008). There-
fore, social relationships among members of the same 
cliques are expected to be stronger than those between 
members of different cliques.  
We used data on proximity and the affiliative and 
agonistic interactions among male northern muriquis to 
evaluate whether their social relationships are structured 
above the dyadic level into cliques. In addition, we ex-
amined copulation patterns to investigate the possible 
factors that underlie interactions between male sub-
groups. We predicted that particular sets of individuals 
would be found to associate in proximity and to engage 
in affiliative interactions more often with one another 
than with other sets of individuals, consistent with the 
social dynamics of cliques in other animals. However, 
because of their high level of tolerance toward other 
group members, we predicted low frequencies of intra- 
and inter-clique agonistic interactions and similar rates 
of copulation, reflecting their lack of interference in one 
another’s copulations (Strier et al., 2000).  
1  Material and Methods 
1.1  Subjects and study site 
Our study was conducted at the Reserva Particular do 
Patrimônio Natural-Feliciano Miguel Abdala (RPPN- 
FMA; previously known as the Estação Biológica de 
Caratinga), a 957 ha forest located in the municipality of 
Caratinga, Minas Gerais, Brazil (19°44'S, 41°49'W). 
During the present study period, from April 2004 
through February 2005, and July 2005, the forest sup-
ported more than 200 muriquis divided into four bisex-
ual groups during the present study period (Strier et al., 
2006). Study animals were free-ranging and completely 
habituated to the presence of researchers. Individual 
identification was attained by distinct facial pigmenta-
tion and other physical characteristics.  
Since 1982, the northern muriqui population at the 
RPPN-FMA has grown from its two original groups 
(Matão group and Jaó group) to four mixed-sex social 
groups. The Jaó group has fissioned twice, resulting first 
in the creation of the Matão II group by 1991 (Strier et 
al., 1993) and second in the creation of the Nadir group 
by 2003 (Strier et al., 2006; Boubli et al. in prep.). Our 
study focuses on the Nadir group, which included from 
54 to 67 animals (17–18 adult males, 3 subadult males, 
18 adult females, 2–3 subadult females and 13–21 in-
fants/juveniles) during this study period. One adult male 
(MV) was present in April 2004, but disappeared and is 
presumed to have died by June 2004, and is therefore 
excluded from our analyses (Table 1). Prior to 2002, 
systematic data on demography, life-history, and beha-
vior were collected only on the Matão group whereas 
only opportunistic observations were made on the other 
social groups. Thus, we did not know the ages and re-
latedness of our study subjects in the Nadir group at the 
time of this study.  
1.2  Data collection 
The behavioral data were collected by MT on the 17 
adult males in the Nadir group. Following previous 
studies conducted at the RPPN-FMA (Printes and Strier, 
1999; Strier et al., 2002; Possamai et al., 2007) focal 
males were observed for 10 continuous minutes, and 
their spatial relationships and affiliative interactions 
(e.g., embraces, touches, and play) were recorded 
on-the-minute during the sampling periods (Altmann, 
1974). Samples with fewer than 8 on-the-minute obser-
vations were not included in the analyses to minimize 
potential biases associated with the contexts that might 
have led to lack of visibility of the study subject. The  
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Table 1  Distribution of focal subjects and sample sizes 
Male ID Clique n Focal samples 
Mean n focal samples  
per month (SD) 
n Focal hours 
Mean n focal hours per  
month (SD) 
n months sampled
GO-N MU 51 4.3±5.3 8.3 0.7±0.9 7 
JU-N MU 103 8.6±3.6 16.9 1.4±0.6 12 
MV MU 12 1.0±2.9 2.0 0.2±0.5 2 
OT-N MU 97 8.1±4.6 16.0 1.3±0.8 11 
PI-N MU 110 9.2±4.3 18.1 1.5±0.7 11 
QUI-N MU 106 8.8±4.1 17.4 1.4±0.7 11 
RD-N MU 108 9.0±4.0 17.7 1.5±0.7 11 
SN-N MU 101 8.4±3.4 16.7 1.4±0.6 12 
VE-N MU 101 8.4±3.8 16.5 1.4±0.6 11 
BU-N N 91 7.6±3.7 14.9 1.2±0.6 12 
DA-N N 102 8.5±3.2 16.7 1.4±0.5 12 
IN-N N  107 8.9±3.7 17.5 1.5±0.6 12 
UL-N N  93 7.8±3.4 15.3 1.3±0.6 12 
BT-N N 69 5.8±4.4 11.2 0.9±0.7 9 
DP-N N 69 5.8±4.6 11.3 0.9±0.8 8 
FB-N N 63 5.3±4.4 10.4 0.9±0.7 8 
JE-N N 68 5.7±4.3 11.1 0.9±0.7 9 
KD-N N 75 6.3±4.5 12.4 1.0±0.8 9 
TOTAL 
without MV 
 1,514  248.4   
 
focal animal observations were balanced as much as 
possible across times and days each month. All focal 
animals were sampled a maximum of three times for 
each hour during each month, and the subjects were 
selected from a predetermined sequence to balance ob-
servations. Altogether, a total of 1,514 focal subject 
samples was conducted, corresponding to 248.4 hours 
of observation, and a mean ± SD of 14.6 ± 3.1 hr of ob-
servation per focal male (Table 1). 
The identities of all individuals that were within a 5 
m radius of the focal male, and all affiliative interac-
tions (e.g., embraces, touches, and play) in which the 
focal male participated were recorded. Rare events such 
as copulations and agonistic interactions (e.g., chases, 
displacements, threats and grabs) were recorded ad li-
bitum (Altmann, 1974). During affiliative and agonistic 
interactions, the identities of the participants were noted 
and distinguished by whether they were initiators or 
recipients whenever possible.  
1.3  Data analyses 
We analyzed the spatial associations using a simple 
ratio association index (Cairns and Schwager, 1987), the 
Jaccard’s Similarity Index (SJ): SJ = a/a + b + c, where a 
is the frequency with which individuals A and B were 
observed in proximity, i. e. within a 5 m radius, b is the 
frequency with which A was observed without B and c 
is the frequency with which B was observed without A. 
An interaction index of affiliation and agonism was 
calculated similarly to the association index. In this case, 
a is the frequency with which individuals A and B were 
observed in interacting, b is the frequency with which A 
was observed interacting with another individual and c 
is the frequency with which B was observed interacting 
with another individual. We calculated the spatial asso-
ciation index for all adult and subadult individuals, and 
the affiliative and agonistic indices were calculated only 
for adult males. 
We produced dendrograms using the average-linkage 
hierarchical cluster analysis to display the matrices of 
spatial association and affiliative interactions indices. 
The index values were organized into matrices (one for 
each index) that were then input into SOCPROG 
(Whitehead, 2009). We assessed the degree to which 
clusters represented the observed data using the co-
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phenetic correlation coefficient (CCC). CCC values 
above 0.8 indicate an accurate representation of the ma-
trices (Bridge, 1993). We used Newman’s modularity 
coefficient Q to detect how well clusters were defined in 
the dendrograms (controlling for the gregariousness of 
individuals). Modularities greater than 0.3 are often 
considered to represent useful group divisions, whereas 
those lower than 0.3 can probably be ignored (Newman, 
2004). 
In order to obtain a graphical representation of spatial 
associations and interactions to detect cliques, we drew 
spatial association, affiliation and agonistic networks 
using Netdraw (Borgatti, 2002). In weight network 
analysis, edges represent indices that connect nodes, or 
individuals. In the sociogram, the thickness of the edges 
is proportional to the index values, and only edges with 
values equal to or higher than the mean group value 
were included in the sociogram.  
In our analyses of spatial associations and affiliative 
interactions we used only the data obtained during the 
10-min focal subject samples. However, we used all 
occurrences of agonistic interactions and copulations, 
because, typical of rare events, most of these were ob-
served outside of the systematic focal subject samples. 
Polyadic agonistic interactions, which included up to 
three individuals, were divided into their dyadic com-
ponents following Strier et al. (2002). To supplement 
our comparisons of affiliative and agonistic behaviors, 
we estimated rates of interactions per dyad by dividing 
the frequency of affiliative or agonistic interactions be-
tween two males by the frequency with which the same 
two males were observed in proximity with one another. 
To determine whether patterns of association, affiliation, 
or agonism differed between and within male cliques, 
we performed the Mantel test, with 1000 permutations. 
For a two-tailed test, we considered values of P < 0.025 
and P > 0.975 to be significant (Whitehead, 2008).  
We calculated copulation rates in a similar way, ex-
cept these were based on the time males spent in proxi-
mity to females. Thus, the frequency of copulations be-
tween male-female dyads was divided by the frequency 
of proximity of the same dyads. To determine whether 
copulation rate was related to clique membership, we 
constructed a hypothesis matrix where “0” was attrib-
uted to dyads between MU males and females, and “1” 
was attributed to dyads between N males and females. 
With this hypothesis matrix and the matrix of copulation 
rate, we performed the Mantel test with 1000 permuta-
tions. For a one-tailed test, significance was set at P < 
0.05. All of these analyses were conducted using 
SOCPROG (Whitehead, 2009). 
In addition, we followed Printes and Strier (1999) by 
dividing the frequency of copulations by the sum of 
focal observation hours for each male during the months 
that any copulations were observed (September, October, 
November and December 2004, January and February 
2005). This method permits us to estimate the variation 
in the rates of male sexual activity relative to the 
amount of time each male was observed during the 
mating season months. We employed BioEstat 3.0 soft-
ware for data analysis (Ayres et al., 2003). Non-para-
metric statistics Mann-Whitney was used for compari-
sons of samples. Significance was set at P < 0.05 
(two-tailed probabilities). 
2  Results 
2.1  Inter-individual distances 
Analysis of the associations among all subadult and 
adult group members in the Nadir group revealed five 
distinct clusters (CCC = 0.94; Q = 0.50; AI = 0.01). Two 
clusters of males were apparent; some adult males were 
more connected to the females and immatures than to 
other adult males, who were more connected to each 
other than to females and immatures (Fig.1A and 2A).  
The division of males into two cliques was more 
evident when we analyzed only male-male associations 
(Fig. 1B and 2B; CCC = 0.97; Q = 0.49; AI = 0.03). 
Adult males in the Nadir group could be segregated into 
two cliques, as follows: “N males” (BU-N, DA-N, IN-N, 
UL-N, BT-N, DP-N, FB-N, JE-N, KD-N); and “MU 
males” (GO-N, JU-N, OT-N, PI-N, QUI-N, RD-N, 
SN-N, VE-N). We found significant differences in the 
patterns of associations between and within cliques 
(Mantel test: r = 0.77, P = 1). Association frequencies 
within cliques were significantly higher than those be-
tween cliques (Table 2). 
2.2  Affiliative interactions 
Similar to male spatial associations, the male affilia-
tive network could be divided into two cliques (CCC = 
0.85; Q = 0.48; AI = 0.03; Fig. 1C and 2C). A total of 
193 dyadic affiliative interactions between adult males 
was observed during the focal subject samples, of which 
6% (n = 12) occurred between N-MU males, 38% (n = 
73) between N-N males, and 56% (n = 108) between 
MU-MU males. There were significant differences in 
the pattern of affiliative behavior depending on male 
clique membership, as measured by the affiliative inter-
action index (Mantel test: r = 0.69, P = 1). The affilia-
tive interaction indices were significantly higher within 
cliques than between cliques (Table 2).  
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Fig. 1  The Average-linkage Cluster Dendrograms based on dyadic index values 
A. Spatial associations for all adult and subadult individuals in the Nadir group. Five clusters are evident: 1) from RD-N to AM-N, 2) from BU-N to 
CI-N, 3) from BRIS to SB, 4) GA-N and INS, and 5) GLO-N and NTH-N. B. Spatial association for adult males only. C. Affiliative interactions for 
adult males only. 
 
By contrast, rates of affiliative interactions (interac-
tions per time spent in proximity) did not differ among 
dyads of males within and between cliques (Table 2; 
Mantel test: r = 0.09, P = 0.82). However, this result 
was due to one N-MU dyad (males OT-N and JE-N) that 
was observed in proximity only twice and interacted 
affiliatively on both observations, thus resulting in an 
affiliation rate of 1.00.  Closer examination of the dis-
tribution of affiliation rates showed that this dyad was 
the most extreme outlier of a total of six extreme outlier 
dyads of the 136 possible dyads (Fig. 3). When we ex-
cluded the most extreme outlier, we found significant 
differences in the dyadic rates of affiliative interactions 
depending on male clique membership (Mantel test: r = 
0.23, P = 0.998); the difference was even greater when 
all six of the extreme outliers were excluded (Mantel  
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Table 2  Comparisons of dyadic spatial and social relationships within and between cliques 
Behavioral measure^  Cliques* Mean ± SD Median Range 
Spatial association index  MU-MU 0.153±0.047 0.139 0.059–0.272 
  N-N 0.061±0.031 0.061 0.006–0.157 
  N-MU 0.003±0.005 0 0–0.02 
Affiliative interaction index  MU-MU 0.063±0.038 0.055 0.01–0.14 
  N-N 0.049±0.039 0.04 0–0.17 
  N-MU 0.004±0.008 0 0–0.03 
Agonistic interaction index  MU-MU 0.009±0.033 0 0–0.14 
  N-N 0.026±0.059 0 0–0.25 
  N-MU 0.042±0.09 0 0–0.50 
Rates of affiliation  MU-MU 0.04±0.049 0.03 0–0.24 
  N-N 0.055±0.081 0.03 0–0.38 
 
 
 
 N-MU 0.032±0.13 0 0–1 
Corrected Rates of affiliation  MU-MU+ 0.036±0.03 0.03 0–0.12 
  N-N+ 0.036±0.04 0.03 0–0.13 
  N-MU+ 
0.007±0.03 
 
0 
 
0–0.13 
  N-MU++ 0.018±0.07 0 
0–0.13 
 
Rates of agonism  MU-MU 0.000±0.001 0 0–0.0065 
  N-N 0.005±0.014 0 0–0.03 
  N-MU 0.010±0.01 0 0–0.5 
^Bold font indicates significant differences were found in behavioral comparisons within versus between cliques, as described in the text. 
*The number of dyads compared is as follows: MU-MU, n = 28 dyads; N-N, n = 36 dyads; N-MU, n = 72 dyads. 
+ The six extreme outlier dyads values were excluded from analyses (1 outlier among MU-MU dyads, 2 outliers among N-N dyads, 3 outliers among 
N-MU dyads). 
++ Only the most extreme outlier (N-MU dyad) was excluded from the analysis. 
 
 
Fig. 3  Distribution of rates of affiliative interactions 
Minimum and maximum values and quartiles are shown. The median 
and lower quartile are superimposed. Open circles indicate outliers. 
Asterisks indicate extreme outliers (i.e., values that exceed 3 inter-
quartile intervals; Norusis, 1998), that may be legitimately excluded if 
they distort statistical inferences (Miller, 1993). See text and Table 2.  
test: r = 0.42, P = 1). Rates of affiliative interactions 
were significantly higher within cliques than between 
cliques (Table 2). 
Cooperation between MU and N males was observed 
during three of the 26 intergroup encounters that oc-
curred when males from both cliques were traveling 
together. In one of these cases, MU and N males chased 
some individuals of another neighboring multi-male/ 
multi-female muriqui group. The other two encounters 
were restricted to vocalizations, and in both cases, MU 
and N males stayed in close proximity to one another 
and emitted agonistic vocalizations in response to an-
other bisexual group. In 88% (n = 23) of the intergroup 
encounter events one of the two cliques was out of view 
of the observer. Of the intergroup encounters involving 
members of a single clique, 60% (n = 14) involved only 
N males, and 40% (n = 9) involved only MU males. 
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2.3  Agonistic interactions 
There were no significant differences in the patterns 
of agonism between and within cliques (Mantel test: r = 
-0.16, P = 0.028), but of the 32 dyadic agonistic interac-
tions in which the identities of both participants were 
observed, 72% (n = 23) occurred between N-MU males, 
22% (n = 7) between N-N males, and 6% (n = 2) be-
tween MU-MU males. MU males were the recipients of 
agonism in 96 % (n = 22) of the interactions involving 
N-MU dyads. Rates of agonistic interactions per time 
spent in proximity did not differ among dyads of males 
within and between cliques (Table 2; Mantel test: r = 
-0.08, P = 0.261). In the sociogram of agonistic rela-
tionships (Fig. 2D), individuals of the same clique were 
not grouped together as they were in the sociogram of 
affiliative relationships. 
An additional 21 agonistic interactions were ob-
served in which multiple males from different cliques 
participated in the interactions but specific dyads could 
not be distinguished. Nonetheless, in all 21 cases, N 
males jointly threatened one or more of the MU males, 
who either were evicted by N males or else avoided 
them. For example, on 21 May 2004, MU males and 
some Nadir group females were feeding in the same tree, 
when some N males approached quickly while emitting 
agonistic vocalizations. The MU males left the feeding 
tree and moved away from the N males. On 7 October 
2004, three MU males descended to the ground, travel-
ing and looking around carefully after some N males 
approached them; on 12 October 2004, one MU male 
exhibited the same avoidance behavior.  
2.4  Copulations 
We observed a total of 63 copulations in Nadir group 
during this study period. Thirty-nine of these (62%) 
involved N males, and 24 (38%) involved MU males. N 
males had an average frequency of 4.3 ± 3.0 (mean ± 
SD) copulations per individual (median = 4, range = 1 
–11), and MU males had an average frequency of 3.0 ± 
2.9 copulations per individual (median = 2, range = 0–8). 
N males copulated with an average of 3.0 ± 1.2 different 
females (median = 3, range = 1–5), and MU males with 
an average of 2.0 ± 1.2 different females in the Nadir 
group (median = 2, range = 1–4). 
Estimated copulation rates averaged 0.63 ± 0.41 
copulations per hour of observation (median = 0.7) for 
N males, and 0.44 ± 0.40 copulations per hour of ob-
servation (median = 0.3) for MU males. There were no 
significant differences in the estimated copulation rates 
per hour of observation of N males and MU males (n1 = 
9, n2 = 8; Mann-Whitney test: Z = 0.818, P = 0.413), 
and copulation rate was not related to clique member-
ship (Mantel test: r = -0.07, P = 0.095). Two-thirds (n = 
16) of copulations by MU males were observed when 
they were associating with the mixed Nadir group, and 
33.3% (n = 8) occurred when the couple was out of 
view of other members of the Nadir group. All copula-
tions of N males were recorded when they were in the 
mixed large group. 
3  Discussion 
Our hypothesis that the social preferences of northern 
muriqui males would represent social subgroups, or 
cliques, was supported by our findings. We observed 
two distinct patterns of male social interactions corre-
sponding to within-versus between-cliques dynamics. 
Specifically, within-clique interactions were marked by 
relatively high levels of spatial proximity and affiliative 
interactions. By contrast, between-clique interactions 
were characterized by clear spatial segregation and low 
levels (frequencies and rates) of affiliative interactions. 
Previous analyses of dyadic relationships among male 
northern muriquis at the RPPN-FMA have shown that 
some male dyads have stronger affiliative relationships 
than others (Strier, 1997a; Strier et al., 2002). However, 
differentiated relationships at the level of male cliques 
have not previously been described.  
Patterns of spatial association and affiliative interac-
tions might indicate social preferences and correspond 
to the strength of relationships among group members 
(Hinde, 1983; Silk, 2002; Bezanson et al., 2008; Ramos- 
Fernández et al., 2009). However, it is difficult to iden-
tify what influenced the individual social preferences 
that defined their membership in the MU and N cliques. 
In other species, factors such as age, rank, and kinship 
have been found to explain variation in the strength of 
social bonds (Silk, 2002; Chapais, 2006; Van Horn et al., 
2007). For example, Mitani and Amsler (2003) sug-
gested that the social integration of adolescent male 
chimpanzees into the adult male network may be diffi-
cult in the unusually large Ngogo community at Kibale 
National Park, Uganda, and therefore the males’ sub-
grouping behavior may be a consequence of both the 
large numbers of males and of age segregation. Previous 
studies of male northern muriquis social relationships 
concluded that older adult males were more valued as 
associates by younger adult males on the basis of 
age-biases in the dynamics underlying male spatial rela-
tionships (Strier, 1997a; Strier et al., 2002). Thus, al-
though we do not know the ages of MU and N males, 
there is reason to suspect that age might be an important 
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factor underlying male muriqui subgrouping behavior as 
it is thought to be in chimpanzees. 
Our findings of low rates of dyadic agonistic interac-
tions among males within and between cliques in the 
Nadir group are similar to those described previously in 
this population (Mendes, 1990; Strier, 1994, 1997a; 
Strier et al., 2000, 2002). However, in contrast to previ-
ous studies, we found that males in the MU clique ap-
peared to be subordinate to those in the N clique. On 
most occasions, N males directed agonism towards MU 
males, causing the latter to retreat to the periphery of the 
group. Considering the effect of social status on forag-
ing success and levels of food intake in other species 
(Janson, 1985, 1990), MU males might be expected to 
have experienced some ecological stress. 
Despite the apparent social dominance of N males 
over MU males, males from both cliques were observed 
to cooperate in encounters against another social group 
when the cliques were traveling together. This coopera-
tion between male cliques may serve the same function, 
cooperative female defense, attributed to male alliances 
in other species of mammals (e.g. chimpanzees: Watts, 
1998; bottlenose dolphins: Connor et al., 1992, 2000; 
Lusseau, 2007; lions, Panthera leo: Packer et al., 1991). 
Although rare, such cooperation between MU and N 
males in intergroup encounters might benefit members 
of both cliques if together they can defend their group of 
females against males from other groups more effec-
tively than either of the cliques could have done alone 
(Strier, 1992, 1994). At the RPPN-FMA, the value of 
cooperating with related allies may be increased due to 
the frequency of intergroup encounters in an increa-
singly saturated habitat (Strier, 2008).  
The similarities in the copulation patterns of males 
from both cliques are consistent with our hypothesis that 
males benefit by acting collectively during intergroup 
encounters. Males of both cliques attained comparable 
rates of copulation, and consistent with previous studies 
(i.e., Strier, 1997b; Possamai et al., 2007) we did not 
observe overt competition among male cliques for ac-
cess to fertile females. Indeed, on one occasion, an MU 
male (PI-N) copulated while an N male (FB-N) was 
resting within seven meters, but did not display any 
agonistic behavior. 
In conclusion, we found that male northern muriqui 
relationships were structured above the dyadic level into 
cliques, which may represent a higher order level of 
social bond within groups. We hypothesized that the 
formation of subgroups was driven by social prefe-
rences, as observed in other primates (Bezanson et al., 
2008; Sueur et al., 2009, 2010) and mammals (Witte-
myer et al., 2005; Archie et al., 2006; Lusseau et al., 
2006; Popa-Lisseanu et al., 2008). Affiliative bonds 
above the level of dyads might be common in many 
animal societies, and might be more evident in specific 
ecological and demographic conditions. For example, 
affiliative subgroups might emerge naturally when 
group size increases. Comparative data from other 
groups and populations of northern muriquis under dif-
ferent ecological and demographic conditions are nec-
essary to evaluate whether the intragroup social dynam-
ics we observed among males are typical or atypical for 
this species.  
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